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ROTARY VALVE SYSTEM 

RELATED APPLICATIONS 

This application is a continuation-in-part application of 
Ser. No. 08/712,468 ?led Sep. 11, 1996. 

BACKGROUND OF THE INVENTION 

This invention relates to rotary valves for internal com 
bustion engines. More particularly, the invention relates to a 
rotary valve system Which includes a secondary intake port 
for controlling the in?oW of intake gases into the rotary 
valve, a fuel injection system, a sealing system, a cooling 
and emission gas exhaust control system, and a throttle 
control system. 

Rotary valve systems typically include one or more 
rotating cylinders or tubes Which are mounted in the engine 
head and include intake and/or exhaust ports Which periodi 
cally communicate With the combustion chamber as the tube 
rotates. Intake and exhaust gases pass through the cylindri 
cal tube and are forced into or evacuated from the combus 
tion chamber When the respective ports are aligned With the 
port of the cylinder head. Such rotary valves are believed to 
be superior to traditional poppet valves Which have compli 
cated drive systems including a cam shaft, lifter rods, rocker 
arms and springs. For example, the maximum rpm of 
conventional combustion engines is limited by the compli 
cated operation of the poppet valves. In contrast, combustion 
engines that employ rotary valves include no such limitation 
and it is believed that such rotary valve engines can idle at 
rpms of about 400 to 600 rpm and have a high speed 
operation at about 10,000 to 25,000 rpm. 

In addition to the improved performance of the engine, 
there are many other advantages of the rotary valve system 
over the traditional poppet systems. For example, one rec 
ogniZed disadvantage of traditional poppet valve systems, 
and prior art rotary valve systems, is that the intake mixture 
is subjected to at least three drastic changes of pressure. 
Most notably, the intake mixture achieves a high pressure 
behind the poppet valve When the poppet valve closes. This 
high pressure causes the atomiZed fuel particles to combine 
to form larger fuel particles behind the intake valve. Such 
larger fuel particles require signi?cantly longer burning 
times and are sometimes not completely burned. This results 
in inef?cient combustion of the intake mixture and emission 
problems due to the unburned fuel contained in the exhaust. 
Similarly, prior art rotary valves have alloWed the intake 
mixture to develop a high pressure Within the tube of the 
rotary valve betWeen the periodic alignment of the intake 
port and the combustion chamber. When the intake port 
rotates into alignment With the combustion chamber, the 
high pressure intake mixture goes into the combustion 
chamber and includes large fuel particles Which hinder 
ef?cient combustion and result in emission problems. Such 
prior art rotary valves are disclosed in, for example, US. 
Pat. Nos. 4,949,685 and 5,152,259. 

Another area of recogniZed inef?ciency in both traditional 
poppet valves systems and the prior art rotary valve systems 
is that the systems use indirect fuel injection. In particular, 
the fulel is injected at a fuel injection system or carburetor 
at the top of an intake manifold and the intake mixture must 
then ?oW through the manifold and eventually to the valving 
system. It is believed that it Would be an improvement in the 
combustion engine art to provide a direct or a semi-direct 
fuel injection system Which Would directly inject the fuel 
into the combustion chamber. Such direct injection of the 
fuel results in better atomiZation of the fuel for more ef?cient 
combustion and less emission problems. 
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2 
Most automobile engines have similar camshaft timing 

Which does not provide for optimum operation at idle or high 
speeds. In such constructions, the intake valve typically 
opens approximately 25 degrees before top dead center and 
closes approximately 65 degrees after bottom dead center. 
Such a compromise of valve timing is a necessary sacri?ce 
betWeen the proper idling rpm and high rpm horsepoWer. As 
a result, performance suffers under both of these conditions. 
During loW speed or idle operation, the intake valve closes 
65 degrees after the piston passes bottom dead center. As a 
result, some charged air is pushed back out of the combus 
tion chamber. Therefore, there is a requirement that a large 
intake manifold be provided to absorb and hold approxi 
mately 25% of this discharged air and fuel mixture until the 
next intake valve opening. Such a large intake manifold adds 
Weight and cost to the vehicle. 

In contrast, during high engine speed operation, by the 
time the intake valve closes, the pressures in the intake 
manifold and combustion chamber are equal, and there is no 
more air movement into the combustion chamber. This 
limits the engine rpm potential. Late intake valve closing 
provides higher engine rpm and creates more horsepoWer. 
HoWever, early intake valve closing provides better idling 
characteristics since closing early traps more air in the 
combustion chamber. Under load, early intake valve closing 
Will limit the amount of air entering the combustion chamber 
since there is not enough time, and the engine cannot 
produce enough torque or horsepoWer to exceed 3,000 rpm. 
As a result, variable camshaft timing has been introduced by 
some engine manufacturers in an attempt to reach the best of 
both conditions. HoWever, such systems are complex, 
expensive and generally available only on high end auto 
mobiles. Accordingly, it is believed that it Would be an 
improvement in the engine design ?eld to provide a rotary 
valve Which provides for optimum operations at both idle 
and high speed operation. 
One obstacle Which has been encountered in providing a 

successful rotary valve is that the rotating cylinder or tube is 
dif?cult to seal Within the cylinder head. During the com 
bustion stage, leakage of high-pressure combustion gases in 
the junction betWeen the rotary valve and cylinder head can 
damage the surfaces of the rotary valve and cylinder head 
and also damage the bearing assemblies Which support the 
rotary valve. Escape of the combustion gases also reduces 
the poWer imparted to the piston Within the cylinder. During 
the intake phase, leakage of ambient air into the fuel/air 
mixture can signi?cantly affect that mixture and severely 
impede the performance of the combustion engine. In 
addition, leakage of unburned air/fuel mixture into the 
exhaust gases can cause signi?cant emission problems. 
Many efforts to provide an effective sealing system for a 

rotary valve have concentrated on providing seals in the 
cylinder head around the head port Which leads to the 
combustion chamber, such as those disclosed in US. Pat. 
Nos. 4,022,178, 4,114,639 and 4,794,895. Such seals are 
?xed in the cylinder head and constantly engage the same 
portion of the rotary valve so that lubrication has little 
opportunity to enter the junction betWeen the seals and the 
valve. Such sealing systems are also only effective to seal 
one of the ports at a time When it is exactly aligned over the 
head port. When the ports are not aligned or are only 
partially aligned With the head port, they are open to the 
juncture betWeen rotary valve and the valve housing and the 
intake and exhaust gases are free to How along and damage 
the surfaces of the rotary valve and valve housing. The 
intake and exhaust gases also have ample opportunity to 
commingle and cause air/fuel mixture and emission prob 
lems. 
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Other sealing systems have included both a set of annular 
seals mounted on the valve, Which seal the How of gases in 
the longitudinal direction, and a set of axial seals mounted 
in the cylinder head and extending along the head port for 
sealing the port in the radial direction, such as disclosed in 
US. Pat. Nos. 4,019,487, 4,852,532 and PCT Publication 
WO 94/11618. 

In such constructions, variations in the movement of the 
rotary valve Within the head causes poor alignment betWeen 
the annular and axial seals, resulting in leakage of hot 
combustion gases betWeen the seals and along the valve and 
head surfaces. In addition, there is nothing to restrain 
leakage radially betWeen the ports, Which alloWs unburned 
air/fuel mixture to enter the exhaust gases and cause emis 
sion problems. Moreover, all of the seals are subject to 
signi?cant siZe changes due to the varying range of tem 
peratures encountered by the rotary valve. For example, the 
axial seals must be necessarily short so that they can expand 
betWeen the annular seals during elevated operation tem 
peratures. HoWever, this undersiZing of the axial seals leaves 
a gap betWeen the axial and annular seals Which alloWs 
commingling of intake and exhaust gases betWeen the intake 
and exhaust ports. Accordingly, it Would be an improvement 
in this art to provide an effective sealing system for a rotary 
valve. 

SUMMARY OF THE INVENTION 

The rotary valve system of this invention is designed and 
constructed to overcome the above-mentioned shortcomings 
of the prior art, as Well as to provide additional bene?cial 
features in one complete system for providing rotary valve 
operation in an internal combustion engine. The rotary valve 
of this invention provides several features to eliminate the 
problems encountered in the prior art. For example, a 
secondary intake port for controlling the in?oW of intake 
gases into the rotary valve is provided. The secondary intake 
port prevents gases from building up under high pressure 
Within the valve body as in the prior art systems. In addition, 
the complete rotary valve system of the present invention 
provides a fuel injection system Which uses a regular 
solenoid-controlled injector in the engine head to inject fuel 
into the combustion chamber directly. In addition, the fuel 
injector is positioned such that the noZZle of the injector is 
advantageously hidden behind gas seals provided on the 
rotary valve. This provides the advantage of protecting the 
fuel injector from the explosions in the combustion chamber, 
as Well as protecting the injector from the high temperatures 
resulting therefrom. Doing so increases the life of the 
injector. 

The rotary valve system of this invention also includes a 
vastly improved sealing system that facilitates more com 
plete combustion and greatly improves the sealing capabili 
ties of the rotary valve over the prior art. Also, a cooling and 
emission gas exhaust control system is provided With the 
rotary valve of this invention. In particular, the surface of the 
rotary valve Which faces the combustion chamber is cooled 
Which prevents Warping of the rotary valve. 

In addition, the throttle control for the rotary valve has an 
adjustable throttle plate Which effectively changes the siZe of 
the intake port opening to compensate for differences in 
engine speed. The throttle plate control provides better 
performance at all speeds from idle to Wide open throttle. 
Thus, the complete rotary valve system of this invention 
overcomes the problems of the prior art and further advances 
the art of rotary valve operation in internal combustion 
engines. 
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4 
More speci?cally, one important aspect of this invention 

lies in providing an improved mechanism for regulating the 
How of intake gases into the rotary valve. The intake system 
regulates the amount of intake gases that can ?oW into the 
rotary valve body so that such intake gases do not build up 
a high pressure Within the valve body as in prior art systems. 

Brie?y, the rotary valve and intake regulation system of 
this invention comprises a rotary valve including a generally 
elongated valve body having ?rst and second ends and a 
longitudinally extending axis of rotation. The valve body 
includes a generally cylindrical Wall Which de?nes radially 
spaced intake and exhaust ports. Intake and exhaust pas 
sageWay means are provided Within the rotary valve for 
providing passages betWeen the ?rst end of the body and the 
intake port and the second end of the body and the exhaust 
port. The intake regulation system generally includes a 
secondary intake port on the ?rst end of the body on the fresh 
air side to harmoniZe the air ?oW inside the valve body and 
to eliminate irregular or erratic ?uctuations behind the main 
intake port. The secondary intake port is preferably larger 
than the main intake port to enable the How of more air into 
the main intake port. This prevents choking the main intake 
port of proper air ?oW. For example, the secondary intake 
port opens to the fresh air intake before the main intake port 
opens to the combustion chamber and also closes at about 
the same time that the main intake port closes to the 
combustion chamber. An advantage of such a design of the 
secondary intake port is to maintain even pressures Within 
the valve body and to use Wave-like motion instead of digital 
motion Which is created by opening and closing the intake 
port. 
A further aspect of this invention lies in providing a 

semi-direct fuel injection system. A solenoid controlled fuel 
injector is provided to directly supply fuel to the combustion 
chamber at regulated intervals coordinated With the position 
of the intake port of the rotary valve. The semi-direct fuel 
injection system in combination With the rotary valve incor 
porates a regular solenoid-controlled injector in the engine 
head Which opens to the surface Where the side and corner 
seals of the valve body slide over. When the injector is not 
covered by the valve body during the intake stroke, fuel is 
injected by the injector into the combustion chamber 
directly. The vacuum created by the piston being draWn 
doWn further atomiZes the fuel. 
As Will be described beloW, the fuel injector starts inject 

ing fuel into the combustion chamber as soon as overlap is 
?nished Which is approximately 30 degrees after top dead 
center. The overlap referred to results from a portion of the 
intake port being positioned over the combustion chamber at 
the same time a portion of the exhaust port is positioned over 
the combustion chamber. Thus, there is a partial overlap 
When both the intake port and the exhaust port are over the 
combustion chamber. Depending on the timing of the intake 
port closing, the fuel injector Will stop injecting fuel. At idle, 
the fuel injector stops injecting fuel at bottom dead center, 
Whereas at high speeds, the fuel injection stops at a later 
time. In an embodiment, the fuel injector is advantageously 
hidden behind the gas seals. This hiding of the fuel injector 
from the explosion of the combustion chamber and the 
temperatures of the chamber Will increase the life of the 
injector. 

Using this feature a regular solenoid controlled fuel 
injector can be added to the engine head. The fuel injector 
opens to the surface Where the side and corner seals slide 
over. Semi-direct fuel injection is thus possible using the 
rotary valve of the present invention. The rotary valve of the 
present invention provides for a simple port fuel injection as 
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direct fuel injection. In addition, atomized fuel is exposed to 
only tWo phases of pressure instead of three as in present 
systems discussed above. When the fuel injector is not 
covered by the rotary valve body during the intake stroke, 
fuel is injected into the combustion chamber directly into the 
vacuum created by the piston Which atomiZes the fuel even 
further. During compression, some of the fuel particles 
merge. Since the atomiZed fuel is not exposed to the 
manifold phase, the resulting particles are at least as small 
as the fuel provided by direct fuel injection systems. 

Another important aspect of this invention lies in provid 
ing an improved sealing system for a rotary valve Which 
ef?ciently and effectively seals the rotary valve in the 
longitudinal and radial directions. The sealing system is 
mounted entirely upon the rotary valve so that varying 
movement of the rotary valve Within the cylinder head does 
not affect the alignment of the sealing elements. Providing 
the sealing system on the rotary valve also alloWs the rotary 
valve to self-adjust to the best position Within the valve 
housing. In operation, the sealing elements mounted on the 
rotary valve dynamically change position depending upon 
the stage of the combustion cycle to provide the most 
effective sealing arrangement for the particular stage of the 
cycle. For example, during the combustion stage, the seals 
are designed so that the compression and combustion pres 
sures cause the sealing elements to move and form a tight 
seal betWeen the rotary valve and the valve housing and 
around the intake and exhaust ports. During the intake phase 
When gas pressures are under vacuum, the sealing elements 
loosen up and alloW lubrication to How betWeen the sealing 
elements and the valve housing. 

The sealing system of this invention generally is com 
posed of receiving means provided in the cylindrical radial 
sideWalls of the rotary valve for receiving a plurality of 
sealing elements. The receiving means include a ?rst plu 
rality of arcuate grooves in one sideWall adjacent to one side 
of the intake and exhaust ports and a second plurality of 
arcuate grooves in the opposite sideWall adjacent to the other 
side of the intake and exhaust ports. The arcuate grooves are 
provided for receiving sealing elements Which seal the 
rotary valve Within the valve housing. The receiving means 
also includes ?rst and second axial channels Which extend in 
the longitudinal direction adjacent to the outer axial edges of 
the intake and exhaust ports. The receiving means may also 
include a third axial channel de?ned by an inner Wall 
segment betWeen the inner edges of the intake and exhaust 
ports. 

Axial seal means are provided in the ?rst and second axial 
channels for sealing the rotary valve Within a cylinder head 
in the radial direction. The axial seal means may take the 
form of ?rst and second sliding seals disposed Within the 
?rst and second axial channels. Lifting means may be 
interposed betWeen the ?rst and second axial seals and the 
?rst and second axial channels for urging the sliding seals 
radially outWard. The ?rst and second sliding seals are 
shorter than the distance betWeen the ?rst and second 
plurality of arcuate grooves so that they have room to 
expand during elevated operating temperatures of the 
engine. 

Side seal means are also provided in the accurate grooves 
of the valve for sealing the valve in the longitudinal direc 
tion. Leaf springs are preferably positioned beneath the side 
seals for causing a tight seal betWeen the side seals in the 
engine head. 

In order to provide a seal betWeen the side seals and the 
axial sliding seals, the cylindrical Wall de?nes cavities 
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6 
adjacent the ends of the axial channels for receiving corner 
seal means for sealing the gap betWeen the side and axial 
seals. The corner seals are movable Within the cavities. 
During the combustion phase, the pressuriZed combustion 
gases force the corner seals outWard to form a tight seal 
betWeen the side and axial seals. The outWard movement of 
the corner seals also helps to force the side seals outWard to 
form a tight longitudinal seal With the engine head. The 
corner seals may have a generally cylindrical outer shape 
While having a U-shaped cross-section for engaging the 
axial seal. 

The cylindrical Wall of the rotary valve also includes a 
divider seal means for sealing betWeen the intake and 
exhaust ports. In one embodiment, the divider seal means 
take the form of an axial channel betWeen the inner edges of 
the intake and exhaust ports, a divider seal member disposed 
in the axial channel, and a leaf spring interposed betWeen the 
divider seal member and the axial channel for urging the 
divider seal radially outWard. In an alternate embodiment, 
the divider seal means may include tWo divider seal mem 
bers provided on the inner Wall segment betWeen the inner 
edges of the intake and exhaust ports. 

In operation, the sealing elements form a gas-tight seal 
during the compression and combustion stage to prevent any 
compressed gas and unburned mixture from escaping the 
combustion chamber Whereas the sealing elements loosen up 
during the intake stage to alloW lubrication to enter the 
junction betWeen the sealing elements and the valve hous 
ing. 

During the compression and combustion stage, the outer 
Wall segment betWeen the outer edges of the intake and 
exhaust port is over the combustion chamber, and the 
combustion and compression gases ?oW over that outer Wall 
segment and push the corner seals outWard to seal the gap 
betWeen the axial and side seals and also to help drive the 
side seals elements outWard against the end Wall of the 
arcuate grooves. In addition, the compression and combus 
tion gases cause the sliding seals to move radially outWard 
on the lifting means to form a tight seal against the interior 
valve housing. 

During the intake phase, the sealing elements all move or 
relax to alloW lubrication to enter the juncture betWeen the 
sealing elements and the valve housing. In particular, the 
sliding seals move on the lifting means radially inWard to 
provide a lubrication gap betWeen the sliding seals and the 
valve housing. The corner seals and the side seals also move 
inWard toWards the intake and exhaust ports due to the 
negative pressure exerted by the combustion chamber during 
the intake stage. 

Yet another important aspect of the present invention lies 
in providing a cooling and reduced emissions system for the 
rotary valve. Signi?cantly, the cooling system provides the 
advantage of cooling the rotary valve and also reduces the 
amount of unburned fuel in the emissions from the engine 
through the rotary valve. 
The cooling and emission system of this invention gen 

erally is composed of an air pump (electrical or mechanical) 
connected via a fresh air inlet to a port arranged in the valve 
body. The port in the valve body is arranged at the exhaust 
side, that side being nearest the exhaust manifold. The cooler 
air enters from the fresh air inlet at the exhaust side of the 
valve body and is forced betWeen an outer Wall and an inner 
Wall of the rotary valve body. The outer Wall is that portion 
that is directly exposed to the extremely high temperatures 
of the combustion chamber. HoWever, the inner Wall is also 
exposed to expelled exhaust gases. 
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The inner Wall is obviously located inside the outer Wall 
and may have a barrier separating the tWo Walls. The cooler 
fresh air passes into the valve body such that it comes into 
contact With the inner Wall and passes around the barrier to 
exit the rotary valve. The cooler fresh air reaches the 
chamber betWeen the intake and exhaust ports to cool this 
area. In particular, the surface of the rotary valve Which faces 
the combustion chamber is cooled. This is important since 
this is the surface exposed to extremely high combustion 
temperatures. 

The air is thus used as a coolant and can be separately 
discharged or can be used in combination With exhaust 
injection. In another embodiment, the inner Wall is con 
structed to provide and form an internal channel Within the 
valve body. The internal channel has a opening Within the 
valve body directed toWard the exhaust side through Which 
the coolant air is expelled into the exhaust stream. This 
promotes complete burning of the fuel in the exhaust stream 
by adding fresh air (oxygen) to the exhaust gases. 
On cars lacking an air pump, there is no oxygen inside the 

exhaust system. Therefore, unburned fuel coming out of the 
combustion chamber cannot continue to burn. Consequently, 
unburned gas ends up ?oWing through the tail pipe as 
additional emissions. This situation is undesirable from an 
environmental and fuel conservation stand point. HoWever, 
the cooling and emissions system of the present invention 
reduces these emissions. 

In an embodiment, the rate of the coolant air can be 
controlled according to the engine’s speed and the load. In 
particular, the cooling and emissions system of the present 
invention also includes a thermosWitch Which senses a 
temperature at Which there is no need for the cooling air 
injection. In an embodiment, this thermosWitch is connected 
to a control system Which disables the air injection at 
temperatures beloW 45° C. BeloW 45° C., the mixture in the 
exhaust manifold is too rich, so there is no need for the air 
injection. 

In an embodiment, the rotary valve may include a bifur 
cated or tWo-part valve body formed from a separate intake 
and exhaust housing. The separate intake and exhaust hous 
ings can be formed by milling or hydroforming and can be 
connected together to form a unitary valve body. The 
separate intake and exhaust housings advantageously 
include separate intake and exhaust passages de?ned by 
tubes that are spaced apart to reduce direct heat transfer 
betWeen the intake and exhaust passages. Generally, internal 
combustion engines operate more efficiently With cooler 
intake gases, and preventing or reducing direct heat transfer 
betWeen the exhaust passage and intake passage thus 
improves efficiency and performance of the internal com 
bustion engine. 

Yet another important aspect of the present invention lies 
in providing a throttle control for the rotary valve. The 
throttle control for the rotary valve generally comprises an 
adjustable throttle plate located behind the intake port and 
provides full control of the intake port timing. The sliding 
throttle plate is connected to the throttle. The sliding throttle 
plate apparatus on the rotary valve of the present invention 
Will atomiZe fuel to a greater extent than a poppet valve 
engine having fuel injection. It also eliminates the need for 
an external intake manifold as explained beloW. 

In contrast, on a typical poppet valve engine having a port 
or a throttle injection system, the air fuel mixture is exposed 
to periodic velocities Which are created by intake valve 
openings and closings. There are also three pressure phases. 
The ?rst pressure phase occurs When the intake valve closes. 
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The rushing air comes to a halt and creates higher pressures 
than the atmospheric pressures. Under this pressure, the 
atomiZed fuel merges together to create larger fuel particles. 
These larger fuel particles require longer burning time and, 
as a result, some do not burn completely during the com 
bustion cycle. The unburned fuel Will be expelled With the 
exhaust, thus raising the exhaust emissions. The throttle 
control system of this invention avoids such problems. 

In operation, the throttle plate of the present invention is 
almost closed over the intake port at idle rpm. Thus, if the 
rotary valve of the present invention is used With a 
carburetor, overlap betWeen the intake and exhaust ports can 
be completely eliminated, Which prevents raW fuel from 
escaping in the exhaust. At higher engine speeds, the sliding 
throttle plate is retracted so that the fuel intake port is open. 
This adjustability improves performance at all operating 
engine speeds. 

Other objects, features and advantages Will become 
apparent from the folloWing description and draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a partially cut-aWay perspective vieW of an 
internal combustion engine including an embodiment of a 
rotary valve of the present invention. 

FIG. 2 is a perspective of an embodiment of a rotary valve 
of the present invention illustrating the secondary port at the 
intake side of the valve body. 

FIG. 3 illustrates a perspective vieW of an embodiment of 
a rotary valve arranged in a housing to be mounted to a 
cylinder head above a combustion chamber of an internal 
combustion engine. 

FIG. 4 is a perspective vieW in partial cross-section of the 
embodiment of the rotary valve of FIG. 3 mounted to an 
internal combustion engine. 

FIG. 5 is a perspective vieW of an alternate embodiment 
of a valve body of the rotary valve of the present invention. 

FIG. 6 is an exploded perspective vieW of an embodiment 
of the valve housing illustrating the sealing system of the 
present invention. 

FIG. 7 is a detail perspective vieW of a portion of the 
sealing system of the present invention. 

FIG. 8 is a detail side vieW of a portion of the sealing 
system of the present invention. 

FIG. 9 is a someWhat schematic cut-aWay side vieW of an 
embodiment of the cooling and emission system of the 
rotary valve of the present invention. 

FIG. 10 is an another embodiment of the cooling and 
emission system of the rotary valve of the present invention. 

FIGS. 11a—11c are someWhat schematic cut-aWay side 
vieWs of an embodiment of a valve housing of the present 
invention including a fuel injector illustrating the relative 
position of the fuel injector With respect to the intake port of 
the rotary valve during operation. 

FIG. 12 is a cross-sectional vieW of an engine having the 
rotary valve of the present invention illustrating the place 
ment of a fuel injector. 

FIG. 13 is a someWhat schematic perspective vieW of an 
embodiment of a sliding throttle plate located Within the 
valve body of the rotary valve of the present invention. 

FIG. 14 is a cross-sectional vieW taken along section line 
XIV—XIV of FIG. 13 of the sliding throttle plate of the 
present invention. 

FIG. 15 is a top vieW of the various positions of the sliding 
throttle plate relative to the intake port illustrated in FIG. 14 
of the present invention. 












